), and ends a short mains to be resolved. In this context, it should be noted time later with fusion of egg and sperm plasma memthat there is good in vitro evidence for human sperm branes to form a single "activated" cell, the zygote. chemotaxis mediated by an egg follicular factor (EisenAlong the way, several recognizable events take place, bach and Tur-Kaspa, 1998). including the sperm acrosome reaction (a form of celluIt is well known that hybrids of certain mammalian lar exocytosis), penetration of the egg ZP by sperm, and species are viable; for example, mules derived from a the egg cortical reaction and zona reaction. The latter cross between male donkeys and female horses. Does results in alteration of the ZP such that free-swimming this mean that mammalian fertilization does not exhibit sperm are unable to bind to fertilized eggs. Each of these any species specificity? On the contrary, evidence from events in the fertilization pathway has been studied in in vitro fertilization experiments strongly suggests that some detail.
Targeted disruption of the mZP3 gene by homologous recombination in embryonic stem (ES) cells has no effect on the phenotype of male mice, but it results in infertility in homozygous null females (Liu et al., 1996; Rankin et al., 1996) . Ovaries from the homozygous null females (mZP3 Ϫ/Ϫ ) contain growing oocytes that completely lack a ZP, while oocytes from heterozygous null females (mZP3 ϩ/Ϫ ) have a ZP that is about one-half the thickness ‫7.2ف(‬ m) of the wild type (Wassarman et al., 1997) . These results are consistent with the proposed structural role of mZP3, as well as current models for ZP structure (Wassarman and Mortillo, 1991; Wassarman et al., 1996) . Today, it is clear that the ZP of eggs from a wide variety of mammals, including humans, is composed of a small number of glycoproteins that are closely related (polypeptides ‫%09-%04ف‬ similar) to mZP1-mZP3 (Wassarman, 1999). For example, the positions of the 13 cysteine residues, as well as all of the recognizable domains of mZP3 polypeptide (Figure 4) , are conserved in human ZP3 polypeptide. Even the vitelline envelope surrounding eggs from fish, birds, and amphibians contains glycoproteins whose polypeptides resemble mZP1-mZP3. Thus, there is a significant evolutionary link between glycoproteins of the vitelline envelope of non- sential structural roles in assembling the extracellular digestion of mZP3, the small glycopeptides produced retain activity as a sperm receptor, although higher than normal concentrations (‫-05ف‬fold) are required (Florman et al., 1984; Florman and Wassarman, 1985) . These and other observations suggest that mZP3 polypeptide does not play a direct role in sperm receptor function.
On the other hand, there is considerable data to suggest that mZP3 oligosaccharides do play a direct role in sperm receptor function (Figure 3) , 1996) . During the past 20 years, as bryos has no effect on binding of sperm to eggs in vitro. This is consistent with the failure of free-swimming many as two dozen different sperm proteins/glycoproteins have been implicated in the binding of sperm to sperm to bind to the ZP of fertilized eggs and preimplantation embryos. It can be concluded from these and eggs. A variety of mammalian species, from mice to humans, and experimental methodologies (e.g., Westother observations that, as a consequence of the zona reaction, mZP3 is altered such that free-swimming ern blotting, affinity chromatography, chemical crosslinking, and solid-phase assays) have been used to idensperm can no longer recognize and bind to the glycoprotein (i.e., mZP3 is inactivated as a sperm receptor). tify these sperm components, which include a number of enzymes and lectin-like proteins. The acrosome is a large secretory vesicle that overlies the nucleus in the apical region of the sperm head (Eddy gt Ϫ/Ϫ mice bind to and fertilize eggs in vivo. These findings may at least minimize the role of ␤-galactosyltransand O'Brien, 1994; Yanagimachi, 1994). Acrosomal membrane just underlying the plasma membrane is referred ferase in fertilization. Similarly, the realization that human zona receptor kinase (ZRK; Hu9), a protein tyrosine to as "outer" acrosomal membrane, and that overlying the nucleus is referred to as "inner" acrosomal memkinase, is identical with the proto-oncogene c-mer (Bork, 1996; Tsai and Silver, 1996) 
